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Since the receipt of the memorial to the directors, respecting the 
formation of railways by undulatory planes~ I need scarcely say that 
I have been so closely o.c.eupie(l, that I found it impossible to retort, 
sider, carefully, the op,mons I had formed on the subject several 
months ago, founded upon some experiments in "The  Gallery of 
Practical Science," with a model prepared by Mr. Badnall. These 
experiments were considered by several persons conclusive in favour 
of an undulatory surface for a line of railway. 

I drew a different conclusion from them, and made some remarks 
and calculations at the time, which I considered fully confirmed it. 
Since that time, I have read the greater part of the controversy, 
which has been carried on in the "Mechanics Magazine," and paid 
especial attention to the experiments made upon the Rainhill plane, 

* We have reeelved fi'om Mr. Stephenson, in addition to the manuscript now 
printed, one containing" remarks and calculations on the best form for railway 
bars, &c., the publication of which we propose to commence in the next num- 
ber. 
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with several of the locomotive engines belonging to the l,iverpool and 
Manchester Railway Company, witlaout perceiving any reasons for 
changing the view I originally took. 

Tile following observations are extracted from those above alluded 
to, as far as appears necessary lot explaining the outline of the argu- 
ments upon which 1 had based my views: 

A C A C, a horizontal plane. 
~ ~  A B a n d B C ,  two inclined planes com- 

pleting one undulation. 
A carriag%in moving over tile inclined 

B plane, may be conceived to be acted upon by 
three forces, viz: 

First.--Gravity, varying directly as the sine of the angle of i~acli.. 
nation. 

Secondly.--Mechanical force, such as a steam engine, or a spri~l.g. 
Thi rd ly .~The uniform retarding force, arising from the friction 

of the moving parts. 
Let  n = sine of angle of inclination. 

g = force of gravity. 
m = mechanical force applied. 
f = retarding force arising from friction. 

Then the force resulting from the combined action o|" these thre% 
will be represented by n g -4- m ~ g t ' ~  (m ~ f , . )  it is evident that 
the motion of the body is influenced solely by tbe remaining tbrce 
n g, and is precisely in the same condition as if friction were annihi- 
lated. 

In this ease, it is obvious that the body descending the plane A B, 
would acquire sufficient momentum to carry it up to the similar plane 
B Ci and were there a series of similar undulations, the body would 
move forward without interruption, aml the velocities ia each suc- 
ceeding undulation would be the same, and the expenditure of me- 
chanical power wouhl be the space passed over multiplied into the 
retarding force --  s m, or s./; s being the space passed over. 

Instead of moving on an undulating surface, let the body be now 
placed on the horizontal plane A C; its motion in this condition can 
be influenced by two forces only, viz: the mechanical force m, and 
the retarding forcer. It" we suppos% therefor% m = f ~  it is obvious 
that no motion whatever can take place. 

At this point of the comparison, a striking ditt~rence, and appa- 
rently not an unimportant one, exists between the undulatory and 
horizontal surfaces. In the former, gravity cmnmunicates a certain 
velocity, which is maintained throughout each succeeding undultt. 
tion; whereas, in the latter, the forces m and fmere ly  destroy each 
other; consequently the body remains stationary. 

This explains the experiment which was frequently repeated, and 
in many cases went far to convince several persons of the advantage 
of having an undulatory surface. Very little reflection, however, is 
requisite to perceive that this advantage is merely apparent, and not 
real: fl)r let us suppose that the body at A on the horizontal plane 
has the mean velocity given to it, which gravity imparts to the body 
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moving down the first inclined plane of the undulatory surfaee~ it 
will then move unifi)rmly with this velocity from A to C, and arrive 
at lhe latter point at the same time that it would have done on the 
undulatory line; and however the length may be increased, the body 
will pass over the distances corresponding to each undulation in the 
~ame space of time, whether the surthce be undulatory or hori- 
zontal. 

Let  p == power expended in communicating any given velocity to 
the body ou the horizontal surface at A~ then the whole power ex- 
pended~in moving the body from A toC, will bop q- s m, o rp  q- sf .  

But when the body arrives at C, it retains its original velocity, and 
is capable of employing its power, or of moving itself beyond C; 
whereas, on the undulating surface, the body becomes quite station- 
ary at C. In short, it is a well known law in mechanics~ that the 
velocity which the body possesses is exactly equal to the power ex- 
pended in communicating it; we therefbre have the absolute expen- 
diture of power in moving the body from A_ to C = s m or s f ,  which 
is precisely the same result as on the undulating surface. 

tlitherto we have the forces m and./equal,  t)y which the friction, 
or retarding force, was merely neutralized ; but in practice m must 
exceed J; otherwise no motion could ensue on the level plane. When,  
therefore, m is greater than j~ the body will be accelerated by the 
difl'erences of those tbrces, viz: m - - f  ~ d; in this case the motion 
~f the body on the undulatory surface i~ inttuenced by a force repre- 
sented by n g -b d. 

I f  v and v" represent the velocities generated by the forces n g, 
and d, in the same time, then v + v" will represent the velocity 
which the joint forces will generate in an equal space of time. But 
the velocity given by the force n g in descending, is lost in ascend- 
ing; hence~ the body will arrive at the summit of each undulation~ 
with the velocity due to the action of tile force d, which is ~/~ d s~ 

Now, the velocity acquired by the action of the force don  the level 
plane, the body having moved over an equal space, is also ~/~ d s; 
and th~s equality in velocity must hold, whatever be the nature of 
the surlace over which the bodies move, undulatory or level. 

I f  the body were actually propelled by the force d more efficiently 
on the one surface than on the other, it nmst arrive at the point C with 
diffi~rent velocities. The readiest mode of showing that this is not 
the case, is to allow it to expend the momentum by moving along a 
horizontal plane, or one of a given inclination; in both cases~ the 
momentum is precisely equal. This experiment I repeated several 
times, and felt perfectly convinced that the results were exactly de- 
termined. 

It  has been urged by some that the undulatory surface has an ad- 
vantage from the friction being reduced, in consequence of the body 
being on an inclined sur[hee. A moment's consideration will show 
that this never can apply in practice, from the smallness of the in- 
clination which is admissible; the reduction in the friction from this 
cause would be inappreciable. 
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But even allowing it to operate, the undulating surface is increased 
in length by a quantity that exactly compensates for the ,'eduction in 
the friction of the carriage. 

A O C Because the diminution of friction is pro- 
portioned to the diminution of wright, which 
is as A B, A (), but the spaces passed over 
a r e a s A C  : AB--~  B C ~ o r a s A O  : A B ,  

B exactly the reverse of the former proportion; 
showing, that though the friction may be reduced on the inclined 
plane, tile distance is increased precisely in a ratio to compensate it. 

The above considerations lead me to conclude that, theoretically, 
there is neither advantage nor disadvantage in tile use of an undulat- 
ing surface for a line of railway; the question, therefore, resolves 
itself into one of practical application. This I have frequently and 
carefully considered, and, generally, with a strong bias in favour of 
Mr. Ba,]nall's view, because I saw clearly that its introduction would 
at least reduce the expense of constructing public lines of railway; 
but I have invariably been compelled to conclude that its adoption 
would be attended with greater expense in the carriage, greater un- 
certainty in tile operation; in many cases greater inconvenience, and 
in all greater risk of accidents, than in an horizontal line of rail- 
way, or on one approaching to it as nearly as circumstances would 
permit. 

Greater ultimate expense, I conceive, would arise in part from the 
additional wear and tear, both upon carriages and engines, from tile 
varying velocities which must be continually taking "place throughout 
the whole length of the line of road. 

This objection is considered by many of no weight; I need only 
refer, however, to practical men, who have been in the habit of ob- 
serving the destruction of machinery where varying velocities are 
admitted; indeed, I cannot refer to a better instance than Rainhill 
and Sutton inclined planes, where the objectionable nature of in- 
clined planes is evident to all conversant with machinery, and from 
whence (it is probably not too much to say) a very large portion of 
the wear and tear of the locomotive engines on the Liverpool anti 
Manchester Railway has sprung. 

The engines on an undulating line must obviously, at the bottom 
of each undulation, attain a velocity considerably greater than what 
is required upon an horizontal line, where it may be nearly uniform. 

Now, in locomotive engines, this single circumstance gives rise to 
three separate objections, neither of which is undeservin~ of attention, 
and which are d~stinct from that of wear and tear arising simply out 
of velocity. 

F i r s t . - - In  the construction of these machines, it is a consideration 
of the very first importance, to proportion and adapt the relative 
speeds of the different parts to the velocity at which tile engines are 
intended to travel; anti though I am perfectly aware that these en- 
gines are worked at difli~rcnt rates of speed, I have seen sufficient to 
convince me that uniformity in the velocities is extremely desirable, 
and that they never perform so economically as when the intended 
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velocity is adhered to within very narrow limits~ which is quite im- 
practicable on an undulating road. 

Secondly.--When the velocity of these engines exceeds that for 
which they are calculated, the steam acts less forcibly on the pistons, 
and thus produces an absolute loss of power, or, in other words~ an 
increased consumption of fuel. 

Thirdly.--From the present construction of locomotive engines, 
every different speed of traveling is accompanied with a cor~'espond- 
ing increase or diminution of the temperature of the fire, which oc- 
casions a continual working amongst the dit'~'erent parts of the boiler, 
from unequal expansion and contraction, which never fails in a short 
time to render the boiler more or less leaky. 

Every experienced steam engine builder has had instances brought 
under his observation, ot" the destruction of boilers by being exposed 
to great variations of temperature. In all railways, except such as 
are perfectly horizontal, this obiection applies with more or less tbrce. 
I therefore only mention it in this place to shew the tendency of the 
undulating railway would be to aggravate the evil arising from great 
inequalities in the temperature. 

These are my principal reasons for concluding that the expense of 
carriage would be greater on an undulated line, and the same re- 
marks appear to me to lead to the conclusion that there would be 
greater uncertainty in the operation. 

Inconvenience would, in my opinion, result from not having the 
power to halt at any given point on the line of railway. This may 
be done without inconvenience on a line of road not possessing in- 
clinations beyond the power of the engines; but where the inclina- 
tions of the planes exceed that power, it is clear that some expedient 
must be contrived to overcome the delay that must ensue. I have 
only heard of one, which I cannot suppose to have been advanced 
seriously. I allude to the proposal that an engine, when stopped by 
any chance on an inclination beyond its power, shouhl be worked 
backwards and forwards until sufficient momentum be acquired lot 
surmounting the next summit. 

This is an operation not only of time, but in many cases would be 
imminently dangerous, and could not fail to be a continual source of 
annoyance. 

When it is stated that the risk of accident would be increased, it 
must not be inferred that increase of speed is attended with greater 
frequency of accident, but rather that such mishaps are likely to be 
more extensive and serious when they do occur. 

I now come to consider more immediately the chief object of the 
memm-ial which has been laid before the directors, viz: The expe- 
diency of making an experiment on the London and Birmingham 
Railway, extending over a distance of eight or ten miles~ as suggested 
by Dr. Lardner and Dr. Dalton. 

In recommending the directors to make such an experiment, those 
gentlemen have evidently been influenced by the statement in the 
memorial that it would not cost over ~500, and that the experimenb 
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should it fail~ would be productive of no detriment to the Railway 
Company. 

I have thoroughly ennsidered the expense of such an experiment, 
and also the probable inconvenience that would arise out of its failur% 

( S ~r and supp ~ in~, the latter result, I am satislied it couhl not cost the 
Railway Company less than J28,000 or £10,000; and this sum may 
be made to appear without taking into the account many contingen- 
cies that would necessarily attend such a circumstance." 

The ballaslin~ and laying the rails alone costs from 42800 to £1000 
pet' mite, and this charge must unquestionably be incurred in merely 
transforming the undulated surface to an uniform one. The em- 
bankments would require to be brought to a higher, and excavations 
to a lower, level; thus interfering with the whole of the bridges, over 
and under the railway. 

In short, you couht only prepare for the contingency of a failure, 
by e,ecting temporary bridges over the railway, throughout the ten 
miles, until the utility of the scheme had been determined. 

These and other considerations, connected with the detail of exe- 
cuting the railway, which it would be superlluous to enter into here, 
and which it wouhl be impossible to render intelligible in a report 
l ikethe present, fully convince me that it wouhl be at least rash 
to advise an expensive experiment on the London and Birmingham 
Railway, which, in any event, could only save a very small sum iu 
the original expenditure~ with the possibility of your not succeeding 
to your expectations; thus producing a result fi-aught with mischief 
to the undertaking generally. 

I feel it, however, due to Mr. Badnaii, to state that [ consider a 
trial upon some branch road might be made with advantage, as the 
adoption of his ideas would certainly be productive, in many cases, 
of considerable saving in the first cost~ which, in some branch roads, 
is nf paramount impo,'tance. 

l must, however, again repeat, that no saving of power could be 
by any possibility effccted. 

ROBEIt'F S'FEPHb;N SON. 

Note relating to the hardening of Lime under ~'ater, by the action of 
Carbonate of }~otas~a, ~'c., and to the hardening of Carbonate of 
Lime in the ~ir, by Potassa and Soda. By A. D. BACHE, Prof. OJ" 
Nat. Philos. and Chem., Univ. Penn. 
The following experiments were made more than eighteen months 

since, and were suggested particularly at the time by the article of 
l~rofessor Emmett, on the solidification of raw gypsum in the air, by 
tbe action of the alkali, potassa, and of certain of its salts. They 
commenced with an examination of the effect of certain salts of po- 
tassa and soda, and of caustic soda, on the hardening of carbonate of 
lime, and of common lime, in the air; and, by a natural transition, to 
a more interesting subject, the effect of these, and of other materials, 


